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1. Introduction: SUSY and QCD bound states

» SUSY is one of the viable (best?) models for physics beyond the
Standard Model

- solves naturalness problem/provides Dark Matter candidate/etc.
- doubles particle spectrum

TL -squark

t-quark /

\ {51: tr cosb; + tgsin b,

T squark / to = —ty sin @ + tg cos b;

> Squarks are color-triplet scalars: bound states?
- Higgs mass prediction in MSSM:

3
mi = m3cos*(283) + 12V *sin* Blog (w)

mt

- top quarks do not form bound states (top decays too fastlill)

What is the story with MSSM?
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Introduction: SUSY and QCD bound states

» SUSY is broken; masses of sparticles are not known
- various scenarios can be considered, for example, S. Martin

M. Drees & M. Nojiri

my,

T mg, < Mp and mg, — Mg, < my

then, 7, — b(Cj, t; — tN; are forbidden

- top squark's lifetime is longer than formation time for the QCD bound state

= can form stoponium

» Why study stoponium? ‘ ‘
- HEP phenomenology:

- precise determination of squark masses
- Quarkonium-like physics

- physics of bound states in new environment
- new sources of binding (Higgs exchange, point-like interactions)

Concentrate on the lightest state (stoponium)
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2. Properties of stoponium

» Assuming mii<<mi2, the spectroscopy of stoponium is boring
- stops are spin-0: spin of bound states tracks relative angular momentum
- lowest energy state is a 0" scalar

rrrrr|rrrrrrr ot

» What is the spectrum? af
- strongly-interacting heavy particles =
- Coulomb dominated potential S 4l
30, S
Vég%) = —% + KT LE)
i:%

- if similar fo ordinary quarkonia
- binding energy B and wave function

R /d® 2d I

mgl 200 300 400 500 600 700 800
Stoponium Mass [GeV]
S. Martin

where Veg(r) = Vaep (r)  forl=0

In SUSY there are also other contributions to the potential
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Comments on the mass spectrum

» Other contributions to potential

- there are at least three Higgs states (h°, H°, and A°)

- more important for heavier squarks
- induce Yukawa interaction term

- there is a term inducing point quartic squark interactions
- induces delta-function interaction term

gpe~ ™" ggeTMHT g e ™AT

Vaalr) = = (270 4 910 1) Voen(r) + 4 690

1 A. Blechman, A.A.P
A = =g+ y?sin? 6 cos? b- / ’
693 Yy £ E e

positivel

» Stoponium has the same quantum numbers as Higgs boson(s)
- if close in mass, strong mixing is possible (level repulsion)

1
m2 = 5 {(mf +m3) £ \/(mﬁ —m3)? + 4A2] (mixed stoponium-Higgs state)
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3. Production & decays of stoponia

» Stoponium might be produced at the LHC
- leading contribution is gg fusion

AMANMNMN — = — = AN — & — — p
I ; I ok e
| t I t »x I1
| 1 -
A Y R
| I ~
I ~ 1 - “w *
| ] I t1 S f 1 P. Moxhay & R. Robinett
AMANMNAMN — < — —  AAMAAAANE — — — — ~ M. Drees & M. Nojiri
2 1 m2
2 — - U 2 2
olpp — m) = g 5T — g9) dr —*g(z, Q%) g(myz2/(sz), Q%)
8m3_ 2 ST g
T UL
e T P e e e
1P — 14 TeV
- recent NLO update R 12TV |
> -===10TeV A
10 e LAAMAARLLL LAAMAAAAM T 0.5 T~ T T T "] S‘ 100 - X =T TeV
ol M =240 GeV ] i M, =450 GeV | = 3 N
g DA TeY 1 o4 . 14 Tev 1 S
T R 1S
"é 7 - \\\\ . -‘é [ \\\ 8 101 -
5 6 _— \\\\“~§‘ - 5 0.3 r \\\\\ ] 8
8 5kiq0Tev TTTeeeaos 318 P T ] 7 i
o 4F~T ] » 02f 10Tev T e S
8 3L el 18 T~ ] O 107 o S
1) 7Tev e Iy &) e ] 3 ~._§ J.Younkin & S. Martin
2P~ 01F 7Tev T [ '~ ]
F T ) r~~— ~ 4
1+ -==- A —————— 1
S TR E 00.‘_”“‘__'?'.“"‘_“- 103 ......... [ PTTTITT [PITPTTT [PTPTI Lo Lo
100200 300 400 200 400 600 800 200 300 400 500 600 700 800
Renormalization scale Q [GeV] Renormalization scale Q [GeV]

Stoponium mass [GeV]

[ LT S LA S VNS S S D

Alexey A Petrov (WSU & MCTP) 7 QWG10 (FNAL), 18-21 May 2010




Decays of stoponia

» Stoponia decay to Standard Model particles only
- no missing energy signatures with LSP in the final state, e.qg.

;VHUJﬁ b

i b

single stop decay ----- e EEEEE > o neutralino (missing energy)
X

> Possible 2-body decay channels of stoponia

- bosonic final states:
- w.VYZ,ZZ, WW

- fermionic final states:

- 1t, bb, pyy, etc.

+99 ity

P, k k

5y

()
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2-body decays of stoponium

> Master formula for 2-body decays

BXV2(1,m3 /m2 , m% /m,)

with
- for bosonic final states
(IM(g9)]?) =

(IM(7)|?) =
(IM(y2)]?) =

- gg final state is by far the dominant
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32m2(1 + 645

22
( f”t) (IMAB))

mn{

MNz,y,2) = 2° +y* + 2° — 22y — 2yz — 272

Eg;* :

9
128

81

8

522 + g (cos? b — Aty /3
[(n; — gg) = 73 MeV
C(n; — vy) = 303 keV

I'(n; — vZ) = 106 keV (for my=100 GeV)
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2-body decays of stoponium

> Master formula for 2-body decays

3M/2(1,m%/m2 ,m%/m,.)

o 2
3272(1 + b.45) ( mnt_t> <|M(AB)| >

with  A(z,y,2) = 22 + y° + 2* — 22y — 2yz — 222

- for fermionic final states, e.g.

M. Drees & M. Nojiri

‘M(?l?l‘ —PbB)—_— —ShEZ\/S‘/mil —my

(1) (2)

é lle(c,-z—d,-z)+m,,(c,-2+d,-2)+ gm, c;) cosa .\ ¢ sina
X - —
= 3 m,f—mle "’";21/‘. 2my, cosp 4m;2] —mp 4m72| —m,z,z
7 7
chargino exchange Higgs exchange

- for quarks this is tfotally overwhelmed by QCD backgrounds
- only the second term is present for the pp (or ee or 77) final states - small!
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3-body decays of stoponium

» Other ways to search for stoponium?

- leptonic 2-body decays are suppressed by helicity (~m?)
- but have very nice decay signatures

- bosonic 2-body decays are reasonably large
- but have lower detection efficiencies

» How about 3-body decays (like puy)?
- lower branching ratios than vyy... A lechman, A.4.2
- higher branching ratios than pu
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3-body decays of stoponium

» 3-body decays are not helicity-suppressed

8edf,. s
M=l [ i _gul/] [(1+BCV)Vn(k—,’%)+BCAA#(k"k+)]8z(q)

2
9my;

> Dalitz analyses of decays are possible
- define z = mj/m. and y = (k_ +q)?/m2 .

A. Blechman, A.A.P

d’I'  640°f3 }1 + B(:c)cv|2 + |B(z)|*c% 14 1 -2z 3 y?
dr dy  8lms x 2(1 —z)

_3QY T
2¢%, 8%, T — Tz +ivz\/Tz
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3-body decays of stoponium

> Branching ratios can be computed

- for a particular point (m, =100 GeV, f,. =10 GeV, cosf; = 0.01)

Br(gg) = 0.99,
Br(yy) = 41x 1073,
( Z) = 14x107%,
Br(yete™) = 0.426 x 1073
Br(yutu~) = 0.423 x 1073

» Comparing to other decays...

A. Blechman, A.A.P
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Conclusions

> New Physics particles can form quarkonium-like bound states
- can be used to extract NP particle masses
- can be used to study QCD bound state physics in a hew regime

> Interesting interplay of different effects in the bound state

- besides QCD, there are other sources (Higgs exchange, etc) that affect
properties of a bound state

> Possible observations/studies in 2- and 3-body decays

- small decay branching ratios implies that those are NOT discovery modes,
but rather tools for precision studies of properties of squarks...

- ... provided they exist!
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